Object. Thoracic disc herniations can be surgically treated with a number of different techniques and approaches. However, surgical outcomes comparing the various techniques are rarely reported in the literature. The authors describe a minimally invasive technique to approach thoracic disc herniations via a transpedicular route with the use of tubular retractors and microscope visualization. This technique provides a safe method to identify the thoracic disc space and perform a decompression with minimal paraspinal soft tissue disruption. The authors compare the results of this approach with clinical results after open transpedicular discectomy.
YMPTOMATIC thoracic disc herniations are rare in the general population, yet they represent a distinct challenge for many spine surgeons in practice. They often cause significant radicular pain and severe, progressive myelopathy. Open surgical techniques are effective for the removal of thoracic herniated discs, and include posterolateral approaches (costotransversectomy, transpedicular, lateral extracavitary, and lateral rachiotomy) and lateral approaches (retropleural and transpleural thoracotomy). Unfortunately, to obtain adequate visualization and working space, these approaches require extensive tissue and muscle dissection in excess of the actual area of surgical interest. 6, 21, 24, 26 Thoracoscopic techniques have also been pioneered, but require a steep learning curve and have gained a limited following among spinal surgeons. 2, 10, 11 Recent technical advances that minimize surgical exposure have become popular in the treatment of spinal disorders in the cervical and lumbar spine, but little data has been published regarding such approaches in the thoracic spine. Currently, minimally invasive thoracic disc surgery has not been widely adopted, perhaps due to variations from familiar techniques, differences in the tools used, and in anatomy recognized by practicing spine surgeons. 5, 7, 9, 15 In our minimally invasive tubular approach to herniated thoracic discs, we position the patient prone, use an operating microscope (instead of an endoscope), and achieve transpedicular decompression with instruments similar to those used for standard lumbar discectomy. We compared surgical and clinical outcomes in patients treated via open and minimally invasive transpedicular thoracic discectomy performed by the senior author (PM). VIDEO 
Surgical Technique

Mini-Open Technique
The patient is positioned prone on a regular operating table on radiolucent bolsters. We use neuromonitoring in these cases and thus limit the use of muscle relaxant. We maintain a mean arterial blood pressure Ͼ 90 mm Hg to optimize spinal cord perfusion. Localization is performed to center the incision directly over the disc space of interest using fluoroscopy. We use a series of spinal needles placed at intervals to count spinal levels starting at S-1 and marching cranially. After localization, a 3-4 cm vertical incision overlying the pedicle and disc space of interest is created. The dorsal fascia is opened and extended beyond the limits of the skin incision (~ 4-5 cm) to provide more working room in deep tissue. Using the Pipeline (Depuy Spine) or X-tube (Medtronic Sofamor Danek) tubular retractor system, tissue dilation is performed with the dilators positioned perpendicular over the disc space and pedicle of interest. After vertical and lateral tissue dilation (wanding), the tubular retractors are placed and fixed in position to the operating room table. For patients who are relatively thin (retractor depth Ͻ 5 cm), we use nonexpandable tubes (26-mm width) . In larger patients we use an expandable tubular retractor in order to obtain more working room at the depth of the exposure.
The operating microscope is then utilized for the remainder of the procedure. We prefer the operating microscope (instead of the endoscope) because it provides 3D visualization. Intraoperative fluoroscopy aids in maintaining proper localization during exposure and bone decompression. Minimal deep paraspinal muscle resection is needed until the ipsilateral lamina, pars, and facet of the level of interest are clearly identifiable. Once exposure is complete, the thoracic pedicle below the disc space is cannulated in standard fashion using a pedicle probe. It is important to note that in the thoracic spine, the lateral border of the disc space is directly rostral to the pedicle of the vertebral body below. Hemilaminectomy and partial facetectomy can be performed using the cannulated pedicle as a visual landmark. We recommend identification of the thoracic dura mater early during laminectomy so that it can be protected. We do not retract the thoracic cord during the procedure; our disc access is lateral to the spinal cord. Removal of the pedicle just inferior to the disc space is typically required for adequate exposure and access to the disc (Fig. 1) . Once the disc space is exposed and identified, the anulus is incised with a No. 15 blade in similar fashion to a lumbar microdiscectomy. Down-biting curettes and micropituitary rongeurs are used to remove the lateral portion of the disc. A cavity is subsequently created in the disc space and the posterior portion of the adjacent vertebral bodies. This key step creates a cavity anterior to the herniated portion of the disc, which is then pushed anteriorly away from the dura and into this cavity. This step eliminates the need for significant thecal sac retraction to access the herniated disc. Unlike the lumbar spine, the thecal sac in the thoracic area cannot be retracted due to the risk of spinal cord injury (Fig.  2 ). Extra care must be taken in partially calcified disc herniations, as these discs can sometimes be adherent to and erode the dura. We do not use this technique for midline, large, calcified herniated discs causing obliteration of the spinal canal (often with erosion of the anterior thoracic dura). We prefer the wider exposure afforded by anterior or open posterolateral approaches for these lesions.
After the decompression is complete, the surgical area is irrigated with antibiotic solution and hemostasis achieved. Placement of a drain is optional. The fascia and skin are closed in standard fashion (we prefer running 3-0 nylon for skin).
Open Posterolateral Technique
Our open paramedian approach requires a semicircular incision extending 1 level up and down from the disc space of interest with partial transection of the paraspinal muscles so that there is adequate exposure of the lamina, costotransverse joint, and facet complex. Partial exposure of the level above and below is typical to allow for adequate visu- alization and working room. Variations of this approach have been previously published by other authors. 24, 35 Apart from the open soft tissue exposure, transpedicular bone decompression and discectomy is performed in essentially identical fashion to the minimally invasive technique we describe here (the hemilamina, facet complex, and pedicle inferior to the disc space are removed with a high-speed drill, and discectomy is performed).
Methods
We reviewed the surgical and clinical outcomes in 11 patients who underwent surgery for thoracic disc lesions between 2004 and 2007. All surgeries were performed by the senior author (P.M.). The minimally invasive technique described was used in 7 cases, and the open paramedian approach in 4.
In this series, the average patient age was 56.2 years and there were equivalent numbers of men and women. The most common presenting symptom was back pain, and all patients had radiculopathy; myelopathy was present in 60% of patients. There were 4 partially calcified herniated discs, 2 in each surgical group. Spinal levels operated on ranged from T-6 to L-1. Four patients underwent surgery at Ͼ 1 thoracic disc level.
Patient characteristics, surgical data, and clinical followup information are presented in Table 1 . We compared estimated blood loss, hospital stay, and the pre-and postoperative modified Prolo scores. Differences in modified Prolo scores 30, 33 within treatment cohorts were assessed with the Student t-test for different sample sizes (Table 2) .
Results
The average follow-up period was 18 months (12-24 months). Patients who underwent mini-open transpedicular thoracic discectomy had a mean estimated blood loss of 177 ml, while those undergoing the open paramedian approach had a mean estimated blood loss of 337 ml (T-value = 2.71, p = 0.024). In our experience, the mini-open technique takes an average of 3 hours and is not longer than the open technique. However, there is a learning curve to this technique. The average hospital stay was shorter for the patients who underwent mini-open transpedicular discectomy (3.5 days versus 4.1 days), but this difference was not statistically significant (Table 3) .
Modified Prolo scores were obtained in all patients preoperatively within 1 month of surgery and postoperatively during clinic visits for up to 2 years (Table 2) . Overall, the modified Prolo scores showed a modest improvement of
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Mini-open transpedicular discectomy 3 Table 3 ). However, at 2 years of follow-up, the difference in Prolo scores between the groups was not statistically significant. Frankel scores showed a trend towards improvement in the mini-open group, but this difference was not significant.
Discussion
Key made the first report of a symptomatic thoracic disc herniation in 1838, although the first recorded attempt to treat a thoracic disc herniation surgically was not until 1922 by Alfred Adson. 18, 23 Initial outcomes from the early experience with surgical treatment via laminectomy were not encouraging, with up to a 32% rate of neurological worsening after surgery. 8, 26, 34 Because laminectomy alone provides limited exposure of the pathological entity, posterolateral approaches were developed to gain more direct surgical access to the area of interest and avoid spinal cord manipulation and injury. Patterson and Arbit 27 reported the earliest series of thoracic discs treated via a midline posterior transpedicular approach in 3 patients. The lateral extracavitary approach described by Maiman and colleagues 20 and costotransversectomy/transpedicular approaches popularized by Fessler et al. and McCormick have become the traditional techniques for thoracic disc removal, and have proven superior to laminectomy with improved safety and clinical outcomes. 6, 8, 21, 22 However, these open approaches require significant muscle transection and ligamentous detachment, which may contribute to postoperative pain and instability. The transthoracic approach was first introduced by Ransohoff et al. in 1969, 31 and although clinical outcomes were good, the requirement of an open thoracotomy for adequate exposure was a major disadvantage. 1, 3, 34, 35 The thoracoscopic approach, pioneered by Dickman and colleagues, provides direct ventral exposure to the disc space and allows for an effective discetomy but requires a high degree of skill, and involves expertise with unfamiliar equipment. 4, 10, 32 The advantages of the thoracoscopic approach include short recovery time and avoidance of spinal muscle disruption. Disadvantages to the thoracoscopic approach include difficulty with intraoperative localization, the need to use long, extended instruments, and lack of 3D optics. Additionally, a prerequisite to applying thoracoscopic techniques should be the ability to convert to an open thoracotomy quickly in the event of a complication. Jho and Fessler can be credited with developing the earliest endoscopic posterior-based approach to thoracic discs. [12] [13] [14] [15] 29 Their techniques were based on traditional open surgery, but with the use of tubular retractors for exposure and the endoscope for visualization. Clinical results published by both authors demonstrate excellent outcomes. 8, 12, 16, 17, 25, 29 Additionally, Maiman and colleagues described a minimally invasive extracavitary approach to thoracic discectomy. 19 We describe a transpedicular mini-open approach (via a tubular retractor) for thoracic disc herniations that is consistent with the surgical technique most familiar to neurosurgeons for lumbar discectomy. We position the patient prone and use the operative microscope, conferring 3D imaging and familiar hand-eye coordination skills. In addition to previously published papers on this topic, we compared both open and mini-open approaches and found significant differences in blood loss and modified Prolo scores.
The main difference between the open and mini-open approaches is the degree to which the soft tissue exposure of the posterior thoracic spine is achieved. In the open approach, the paraspinal muscles are dissected from the spine and partially transected at the level of surgery to gain adequate exposure. Open approaches typically involve a long incision (7-10 cm). In the mini-open approach, however, the incision is smaller (usually 3-5 cm), a musclesplitting tubular retractor is used, and paraspinal muscle attachments are left intact. Partial or complete removal of the pedicle just below the disc space assists in gaining easy and safe access to the disc space. The importance of minimizing muscular and ligamentous trauma to avoid postoperative pain should not be underestimated. The difference in early modified Prolo scores observed in our small study suggests that there may be a real and noticeable difference in outcome when the muscular tension band trauma is minimized. This difference is most noticeable within the first year postoperatively. With a longer follow-up period, the difference observed diminishes, a finding consistent with the evidence that minimally invasive surgery accelerates postoperative recovery without increasing long-term risk compared to traditional approaches.
The ideal use of our mini-open transpedicular approach is in cases of dorsolateral soft disc herniation. In addition, with careful use of short and extended down-pushing curettes, we have found that soft central herniations can also be effectively removed. This approach is not optimal for large, central, calcified discs because of the limited access to the center of the spinal canal afforded by the mini-open transpedicular approach. Central calcified discs represent a difficult problem regardless of the chosen approach; anterior thoracotomy/thoracoscopic or lateral extracavitary approaches with partial corpectomy may be the safest approach for central calcified discs. Transdural herniations are extremely rare and if such a lesion is encountered, we recommend utilizing an open anterior or extended posterolateral approach, which would give the surgeon adequate exposure and working room for intradural, extramedullary spinal surgery and primary dural repair.
Complications in thoracic disc surgery include spinal cord injury, postoperative neuralgia, cerebrospinal fluid leak, and postsurgical kyphosis. Intraoperative neuromonitoring with motor evoked potentials and somatosenory evoked potentials is typically utilized in every case. Cerebrospinal fluid leaks are difficult to repair with primarily minimally invasive techniques, but the less disruptive tissue dissection seems to protect the patient from pseudomeningocele development. Postsurgical kyphosis can be an issue, particularly if the pedicle removal and discetomy are performed at the thoracolumbar junction. Supplemental instrumented fixation via percutaneous pedicle screws or pedicle screws placed through the expandable tube can be used to avoid this problem.
Our series is limited in power because of the small sample size, but our technique is an important addition to the contemporary spine surgeon's armamentarium for the treatment of thoracic disc herniations.
Conclusions
Thoracic disc herniations pose a distinct challenge to most spine surgeons. These lesions can be treated via several surgical trajectories, including posterolateral, lateral, and ventral-lateral approaches. Each approach encompasses varying anatomical considerations and requires different surgical skills. With the advent of "minimally invasive" techniques, thoracic discectomy can be performed via a mini-open transpedicular approach so that tissue trauma is minimized.
